Introduction.-With recognition that in an austenitic stainless steel plastic deformation occurs by stress induced martensitic transformation below the Md (y+~) temperature [I] and it obeys the Schmid law for the <112>{111} shear [ 2 ] , we have examined the plastic deformation properties associated with the stress induced ~Z E martensitic transformation [3, 41. In one of these studies it has beendemonstrated that a tensile strain given by a uniaxial deformation below Md temperature recovers (shrinks) by as much as 40% upon the E-ty reverse transformation. This shape memory effect is much larger than that found by Enami et a1 using a polycrystalline Fe-18.5fifn alloy [5] . The difference can be essentially ascribed to the number of the €-martensite variants introduced by the applied stress. There is, however, an another factor complicating the interpretation of the experimental observation in Fe-18Cr-14Ni, i.e. formation of a martensites.
The same complication arises when we examine strengthening effect due to E- martensites. An effect that martensitic transformation may help plasticdeformation has been suggested and called "Window Effect" by Suzuki et a1 [6] . They have concluded that a-martensites induced by plastic deformation (yw) are softening entities to the dislocation motion and act as a window for the gliding dislocation to penetrate through them, thus attributing the terminology (Window Effect) to explain positive temperature dependence appearing below the Md temperature. In opposition to this explanation, we have shown [2, 71 that the yield and flow of a single crystal below the Md temperature are controlled solely by the stress required to induce either the y e , EW or y-w martensitic transformation itself but not by letting dislocations to pass through the transformation products.
Main scheme of the present study is to examine these problems under a simpler experimental condition, by using a single crystal which undergoes the y+e martensitic transformation alone. Learning from the work by Gartstein and Rabinkin [8] and considering experimental convenience with respect to the transformation temperature, we have decided to use an Fe-30Mn-1Si alloy single crystal. Rectangular specimens of 15 x 2 x 0.5 and 10 x 7 x 0.5 mm were cut from the single crystal rods to have the tensiie axis along the [414] direction so that the Schmid factor for the primary [121] (111) shear becomes 0.500. In these specimens since primary shear direction was taken nearly parallel to the specimen edge surface, mechanical restriction imposed by tensile axis rotation was sufficiently small. Choice of such an orientation was particularly important in examining hardening due to pre-injected E martensites by a double tensile deformation [9] . For a second step tensile deformation given along a [414] direction, shoulders were cut by a spark-cutting machine after introducing single variant of E-martensites to have the final dimension of 2 x 0.5 x 0.5 nun inside the gage part. All the specimens were annealed in Ar atmosphere at 1273 K for lh, quenched into an oil bath at 373 K and immediately transfered and stored in an another bath at 473 K.
The Md and As temperatures for the y& transformation were 350 and 410 K, respectively.
Tensile tests were done on an Instron type testing machine at a strain rate of 2 x 10-~/s except those changed by a factor of 5 to measure the strain rate sensitivity. The accurate dimensional change associated with &+y reverse transformation was measured directly by observing indentation markings put on the polished specimen surface with a precision tool microscope. For some specimens, length change was measured by a creep machine to examine a stress effect on the magnitude of the shape memory effect and on the temperature of reverse transformation. After a metallographic examination electron microscopic observation was made on an H-700 microscope equipped with a 60 degree tilting device at an acceleratingvoltage of 200 KV.
Experimental Results and Discussions. 1. Temperature and strain rate dependence of yield stress Figure 1 shows a critical resolved shear stress (CRSS) of Fe-30Mn-lSi, Fe-18Cr-14Ni and Fe-30Mn alloys for motion of a Shockley partial dislocation in the region of positive temperature dependence and of a perfect dislocation otherwise. It is clearly seen that addition of a small amount of Si induces a strong positive temperature dependence quite similar to that observed in an Fe-18Cr-l4Ni alloy. Drastic enhancement of formation of E-martensites and absence of a-martensites in the Fe-30Mn-1Sihavebeenconfirinedby an electron microscopic observation. Similarity of the two curves (Fe-Cr-Ni and FeMn-Si) strongly suggests that the positive temperature dependence observed in an austenitic stainless steel is a direct consequence of stress induced y-x transforma- t i o n . Judging from t h e l a r g e temperature dependence of t h e y i e l d s t r e s s f o r t h e u s u a l s l i p (Fe-Mn curve i n Fig. I ) , s t r a i n r a t e s e n s i t i v i t y of t h e flow s t r e s s i s expected t o be a l s o l a r g e . A c t i v a t i o n a r e a determined from t h e s t r a i n r a t e s e n s i t i v i t y t e s t s i s p r e s e n t e d i n This r e s u l t w i l l be used l a t e r i n t h e q u a n t i t a t i v e a n a l y s i s of a shape memory e f f e c t .
Shape memory e f f e c t A f t e r t e n s i l e deformation below t h e
a i n recovers by a s much as 9 7 % i n c o n t r a s t t o t h e incomplete recovery(-40%at maximum) found i n t h e similar t e s t of an Fe-18Cr-14Ni a l l o y [ 3 ] . S i g n i f i c a n t d e v i a t i o n from t h e complete recovery, however, occured by i n c r e a s i n g t h e i n i t i a l s t r a i n beyond 10% due t o t h e o p e r a t i o n of t h e second s h e a r systems. This i s o t h e r evidence t o consider t h a t complication of t h e i n t e r n a l s t r u c t u r e , e i t h e r presence of a m a r t e n s i t e s o r o t h e r E-variants, suppresses t h e shape memory e f f e c t c a r r i e d by t h e y ;~ transformat i o n . 
f o r t h e f i r s t , second and t h i r d c y c l e s , r e s p e c t i v e l y . Thus, degree of shape memory e f f e c r becomes less prominent i n bending t e s t and decreases w i t h r e p e t i t i o n of t h e transformation cycle. There a r e two p o s s i b l e reasons t o account f o r t h i s incompleteness: F i r s t l y
, s e v e r e deformation t a k e s p l a c e s a t l a r g e d i s t a n c e f r o m t h e c e n t e r zone, suppressing o p e r a t i o n of a s i n g l e s h e a r system upon r e v e r s e transformation.
Secondly, deformation i s complex i n t h e compressed zone where two e q u i v a l e n t s h e a r systems a r e o p e r a t i v e .
I n c a s e of an Fe-18Cr-14Ni a l l o y , ~i~. 5 ~~f i~i t i~~ of 0 . and 0 t h e shape memory e f f e c t i s u s u a l l y i n v i s i b l e 1 f i n a bending t e s t . This i s explained by t h e f a c t t h a t formation of a-martensites i s a c c e l e r a t e d by c o l l i s i o n of two € -v a r i a n t s we may write the shrinkage rate in terms of the motion of Shockley partial dislocations:
On the other hand, rate of the reverse transformation may be given by
Shrinkage-fraction measured as a function of tensile stress (Fig. 7) is now approximated by cs/i leading to with AFf -AFq
The free energy difference AF* -AF;, describing the magnitude of the shrinkage 1 under applied stress is given by sf OFT -AF? = is*f(s*)ds* -f s* + f2s$ 1 1 (6) 2 with
The function of f(s*) for the reverse transformation is represented by that determined for the y+& transformation (Fig. 2) .
________------
second s t e p t e s t s i t i s e v i d e n t t h a t e i t h e r ,, t h e s t r e s s r e q u i r e d t o move a p a r t i a l I TRUE GTRRIN 3 2 d i s l o c a t i o n (A) o r a p e r f e c t d i s l o c a t i o n (B) becomes extremely l a r g e , exceeding 600MN/m2, Fig. 8
S t r e s s s t r a i n curves i n t h e i n t h e presence of €-plates.
On t h e o t h e r s u c c e s s i v e two s t e p t e s t s .
Step 1 hand, i n an i d e n t i c a l t e s t using t h e Feand s t e p 2-A a t 330 K, and s t e p 2-B 18Cr-14Ni hardening due t o s t e p 1 deformaa t 380 K. Note t h a t Md and As t i o n i s q u i t e small a s demonstrated i n t h e temperatures a r e 350 and 420 K, f i g u r e by broken l i n e s .
Thus, comparison r e s p e c t i v e l y .
between t h e Fe-Mn-Si and Fe-Cr-Ni c e r t a i n l y shows t h a t formation of a i n t h e b l o c k i n g & p
l a t e a i d s t h e p e n e t r a t i o n of t h e c r o s s i n g & o r s l i p . I n t h i s s e n s e , t h e cx
formation i s understood t o produce a "Window Effect". However, i t should be remembered t h a t t h e accumulation of a produces a l a r g e hardening [2].
Concerning c o l l i s i o n of €-plates, some i n t e r e s t i n g o b s e r v a t i o n s made by an i n t e r f e r e n c e and e l e c t r o n microscope a r e p r e s e n t e d i n Figs. 9 and 10. Although t h e s t e p c o n t r a s t i s n o t sharp a t t h e E-~y boundary because of an e l e c t r o l y t i c p o l i s h i n g given a f t e r deformation, one can imagine how t h e v e r t i c a l € -p l a t e s have passed through t h e h o r i z o n t a l blocking &.
Some of t h e growing p l a t e s a r e completely stopped a t t h e t h i c k p l a t e s , l e a v i n g a s t r o n g l y s t r e s s e d region a t t h e i n t e r s e c t i o n . D e t a i l e d m i c r o s t r u c t u r e at such an i n t e r s e c t i o n can b e seen i n a magnifiedview of Fig. 10 . Here, b o t h p l a t e s A (formed by t h e s t e p 1 deformation) and B ( s t e p 2) a r e a l i g n e d p a r a l e l l t o t h e e l e c t r o n beam [ O l l l y . It i s noted t h a t p l a t e B terminating i n s i d e p l a t e A i s bent a t t h e end where i t IS completely bound by t h e &-plate A. The same p l a t e B i n t h e region,where y-matrix i s l e f t a t l e a s t p a r t i a l l y without y+E t r a n s f o r m a t i o n , l i e s almost e x a c t l y on t h e second s h e a r plane (111).
From t h e geometrical c o n s i d e r a t i o n i t i s p o s t u l a t e d t h a t t h i s bending i s caused by t h e [ l i 2 ]
(111) shear which d i d n o t o p e r a t e i n t h e f i r s t s t e p deformation. The expected bent angle i s -10" f o r t h e complete Y+E transformation, which i s somewhat s m a l l e r than A r e a c t i o n such a s may occur t o i n c r e a s e t h e bent a n g l e , without l e a v i n g t o o many s t a c k i n g f a u l t s i n accordance with t h e experimental observacion. They were spaced 2 0 0~1 0 0 0 (111) planes a p a r t .
The thickening of p l a t e A observed a s above i s another f a c t o r , i n a d d i t i o n t o t h e absence of ~-t a transformation, t o cause t h e l a r g e hardening s i n c e a t h i n Ep l a t e i s r e l a t i v e l y e a s i l y t r a n s m i t t e d through by t h e growing E p l a t e s o r s l i p s while a t h i c k e r one i s n o t . W e consider t h a t i n p r i n c i p l e t h e l a r g e hardening produced by t h e p r e -i n j e c t e d &-plates comes from a l a r g e P e i e r l s s t r e s s f o r a nonb a s a l t y p e of d i s l o c a t i o n motion i n an hcp s t r u c t u r e . But d e t a i l e d examination of t h e non-basal s l i p s i n t h e & -p l a t e s remains t o be f u r t h e r s t u d i e d , i n o r d e r t o d e s c r i b e t h e hardening q u a n t i t a t i v e l y .
